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2,4- and 2,5-di-tbutylthiophene were prepared by alkylation of thiophene and separation by chloromercura- 
Isomerization of 2- and 3-t-butylthiophene in the presence of aluminum chloride gives polymeric products 

Transalkylation of 
tion. 
plus traces of dialkyl products; 2,5-di-t-butylthiophene is converted to the 42,4-isoner. 
2,5-dimethylthiophene by 2,5-di-t-butylthiophene gave the 3-t-butyl-2,5-dimethyl product. 

Although the alkylation, rearrangement, and trans- 
alkylation of alkylbenxenes under the influence of 
Friedel-Crafts catalysts has been the subject of in- 
tensive s t ~ d y , ~ ~ ~  our knowledge of the behavior of alkyl- 
thiophe,nes is limited. 

Hartough, Ceasar, and co-workers4 carried out funda- 
mental studies on the alkylation of thiophene more than 
15 years ago and more recently Russian chemists5 have 
made notable contributions. Nevertheless, no clear- 
cut example of the 'isomerization of an alkylthiophene 
nor of a transalkylation (disproportionation) appears 
to have been r e p ~ r t e d . ~  

This paper reports evidence on the rearrangement 
as. well as transalkylation behavior of several t-butyl- 
thiophenes under the influence of aluminum chloride. 

Preparation of Starting Materials.-Initial studies 
in our laboratory had shown that a minimum number 
of side reactions, particularly polymerization, would 
be encountered if the isomeric t-butylthiophenes were 
used. To this end we prepared pure samples of 2- and 
3-t-butylthiophene and of 2,5- and 2,4-di-t-butylthio- 
phene. Although the monosubstituted isomers have 
been prepared the preparation of the 
pure disubstituted thiophenes needed considerable im- 
provement.8j10 KO o-di-t-butylthiophenes are known. 
Attempts in this laboratory12~~3 to prepare 3,4-di-t- 
butylthiophene via 2,3-di-t-butylbutadiene have failed 
thus far. Weinmayer's claim14 to have prepared 
2,3,4,5-tetra-t-butylthiophene could not be substan- 
tiated.15 

2-t-Butylthiophene1 b.p. 163' (751 mm.), prepared 
according to Sy'sg directions, was identical with that 
reportedssll and 'its purity by V.P.C. was above 99%. 
The 3-t-butylthiophenes could be isolated in gram 
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quantities by preparative v.p.c. of the residue remaining 
after distillation of the 2-isomer. 

Using excess t-butyl chloride in the alkylation of thio- 
phene a 43% yield of dialkylated products, b.p. 221- 
222' (752 nun.), was obtained. The 2,s- and 2,4-iso- 
mers were present in the ratio 3 : l  as shown by V.P.C. 
The largest peak corresponded to 2,s-di-t-butylthio- 
phene as shown by an independent synthesis of this 
material from 2,2,7,7-tetramethyloctane-3,6-dione (I). 
The 2,5-di-t-butylthiophene obtained in this manner 
had b.p. 222' (751 mm.), m.p. 22-23'. The synthesis 
via the diketone deserves some comment. 
+ -cH~-cH~-c+ P1Sa_ 

I1 
0 

fi 
0 

I 

I1 I11 
30 % 70 % 

When the diketone Ile-19 was treated with phos- 
phorus trisulfide, 2,5-di-t-butylfuran (111) 19,20 and 2,5- 
di-t-butylthiophene (11) were formed. Separation by 
distillation was possible. However treatment of the 
diketone or the mixture with hydrogen sulfide-hydro- 
gen chloridez1 transformed the furan to the thiophene. 
W k n  the diketone I was treated with phosphorus 
pentoxide at  room temperature, pure di-t-butylfuran 
was formed in high yield (see Experimental). 

The structure of the 2,5-di-t-butylthiophene follows 
from this synthesis as well as from the n.m.r. spectrum 
which shows one sharp singlet a t  T 8.67 and one at  3.54 
(area ratio 9:l). 

The 2,4-di-t-butylthiophene was isolated as follows. 
Treatment of the dialkylated mixture with mercuric 

chloride furnished one pure mercuri salt, m.p. 117- 
118'. Its structure (IV) is supported by elementary 

+++(pe+ S 

- 
IV 

(16) M. 9. Kharash, H. C. McBay, and W. H. Urry, J. A m .  Chem. Soc., 

(17) A.  Petrov, E. Sokolova, and C. Lan Gao, Bull. 8 0 c .  chim. France, 

(18) E. Wahlherg, Ber., 66,  1857 (1932). 
(19) R. Ramasseul and A. Rassat, BuU. soc. chim. France, 2214 (1963). 
(20) W. H. Brown and G. F. Wright, Can. J. Chem.. 86, 236 (1957). 
(21) E.  Campaigne and W. 0. Foye, J. Org. Chem.. 17, 1405 (1952). 

70, 1275 (1948). 

178 (1958). 



APRIL 1965 TRANSALKYLATION OF t-BUTYLTHIOPHENES 1059 

analysis and its n.m.r. spectrum (two singlets a t  7 8.67 
and 8.58 and one a t  2.96; area ratio 9:9:1). Decom- 
position of this saltf urnished gas chromatographically 
pure 2,4-di-t-butylthiophene, b.p. 220.4' (752 mm.) , 
m.p. -1'. I ts  n.m.r. spectrum is in full accord with its 
structure showing,singlets a t  7 8.75 and 8.65 due to two 
nonequivalent t-butyl groups while two doublets, cen- 
tered about r 3.36, have J2,4 = 1.50 C.P.S. in excellent 
agreement with the values given by G r o n o ~ i t z . ~  

Isomerization.-It was first established that no isom- 
erization of t-butyl groups occurred under the in- 
fluence of stannic chloride, the catalyst used in the 
alkylation. This realization led immediately to a con- 
venient synthesis of 2,4-di-t-butylthiophene. t-Butyla- 
tion of 3-t-butylthiophene furnished a di-t-butylthio- 
phene identical with the one isolated via the mercuric 
chloride. 

The products resulting from the treatment of thio- 
phene with t-butyl chloride under these conditions are 
accounted for in Chart I. 

CHART I 

Q-Q+ +Q- 

Under nonisomerizing conditions, a mixture of 2- 
and 3-isomers is formed. Further alkylation of the 2- 
isomer furnishes a mixture of 2,4- and 2,5-dialkylated 
products, while the 3-isomer furnishes 2,4-di-t-butyl- 
thiophene only. 

Each of the pure mono- and disubstituted isomers was 
then subjected to rearrangement conditions, viz. 
aluminum chloride in carbon disulfide at room tem- 
perature. The results are summarized in Chart 11. 

CHART I1 

polymer + traces of 2,5- and 2,4-isomer 

1 ' 4 starting material + polymer (trace) + 2,d-isomer (T 
4-f- -L no reaction 

Several conclusions can be drawn from these results. 
Polymerization of nionoalkyl-substituted thiophenes 
obscures isomerization data. Thus under conditions 
in which isomerization takes place in CS4, 
polymerization competes if there is an unoccupied a- 
position. In the case of 3-t-butylthiophene, polyni- 
erization is nevertheless largely suppressed because 
the highly reactive 2-position5 is sterically hindered, 
while the other a-position (a 5-position) is relatively 
unreactive.6 When polymerization is virtually sup- 

pressed (by the use of SnCla in CSe), isomerization 
does not occur. 

2,5-Di-t-butylthiophene rearranges to 2,4-di-t-butyl- 
thiophene. This is not unexpected in view of the 
similarity between meta orientation and the 2,4-position 
in  thiophene^.^ This observation furnishes us with a 
third and convenient method for the synthesis of 2,4- 
di-t-butylthiophene, starting with the dialkylated mix- 
ture of thiophenes. 

Transalky1ation.-A reasonably good acceptor for 
transalkylation studies was found to be 2,5-dimethyl- 
thiophene. Although no detailed study of its behavior 
was made, no isomers due to rearrangement of the ac- 
ceptor itself, using aluminum chloride, were ever found. 

The behavior of the t-butylthiophenes in the presence 
of 2,5-dimethylthiophene is shown in Chart 111. 

CHART I11 

+ CHl+Hs - no reaction 

It was established first that p-di-t-butylbenzeneZ2 in 
the presence of AlC13 in CS2 readily alkylated 2,5-di- 
methylthiophene to form the known23 3-t-butyl-2,5- 
dimethylthiophene. 

When 2,5-di-t-butylthiophene and 2,5-dimethylthio- 
phene were treated with A1C13 in CS2, 3-t-butyl-2,5-di- 
methylthiophene was the major product as shown by 
V.P.C. and the n.1n.r. spectrum of the mixture. Owing 
to the difficulty of detecting 2,4-di-t-butylthiophene 
in the presence of 3-t-butyl-2,5-dimethylthiophene, the 
presence of the former in quantities less than 10% may 
have gone undetected. 2,4-Di-t-butylthiophene itself 
in the presence of 2,5-dimethylthiophene and AICla in 
CSZ showed no tendency to transalkylate. The two in- 
dependent pieces of evidence we have for the failure of 
this disproportionation rest on V.P.C. analysis as well as 
n.m.r. spectra of all of the possible compounds. Once 
again translkylation to an extent of 10% may have 
gone undetected (see Chart 111). 

Experimental 
N.m.r. spectra were determined on a Vsrian A-60 using TMS 

(T 10) as internal standard; ultraviolet spectra were determined 
in 96% alcohol using a Zeiss PMQ 11; infrared spectra were de- 
termined on a Perkin-Elmer Infracord or 125. All V.P.C. analyses 
were performed using a 2-m. (0.4-cm. diameter) Apieeon-on- 
Chromosorb column at 150". Melting and boiling points are 
uncorrected. The microanalyses were carried out in  this 
laboratory's analytical department, headed by Mr. W. M. Hazen- 
berg. 

2-t-Butylthiophene.-To an ice-cooled mixture of 168 g. of thi- 
ophene (2.0 moles) and 222 g. of t-butyl chloride (2.4 moles) 
dissolved in 2500 ml. of carbon disulfide, 625 g. of stannic chlo- 
ride (2.4 moles) was added over a period of 1.75 hr.9 After 
hydrolysis of the reaction mixture a fraction of 158 g. (52%) of 
t-butylated thiophenes. b.p. 164-221 O ,  was collected by distilla- 
tion at  atmospheric pressure. Redistillation furnished two 
- 

(22) R. H. Allen, J .  Am.  Chcm. Soc. ,  84, 48.56 (1960) 
(23) N. IMessina and E. V. Brown, zbzd., 74, 920 (1962) 
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fractions : mono-t-butylthiophenes, 122 g , , b .p. 164-1 75 ', 
n% 1.4986, and di-t-butylthiophenes, 29 g., b.p. 210-221°, 
n% 1.4936. The lower boiling fraction was fractionated using 
a 60-plate column. The two best fractions, b.p. 163' (751 mm.), 
were combined to furnish 10.0 g. of 99% (v.p.r,) pure 2-t-butyl- 
thiophene, nZoD 1.4980. The infrared spectrum was identical 
with that reported for 2-t-butylthiophene by Appleby* and Cag- 
niant.11 Ultraviolet absorption showed X t z  233 mp (C 7600); 
n.m.r. spectrum showed one singlet a t  r 8.63 and a multiplet a t  
3.32-2.96 (area ratio 3: I )  (CClr was used in all measurements), 

3-t-Butylthiophene .-The pot residue from the 60-plate distil- 
lation (see above), nm% l .4989, contained a l : l mixture of 2- 
and 3-t-butylthiophene. Using a 30Oj, SE 30 column, 1.5 g. of 
pure 3-t-butylthiophene was obtained by preparative V.P.C. a t  
145'. The material, n% 1.5011, was better than 99% pureand 
its infrared spectrum was identical with that reported.8 Ultra- 
violet absorption showed X f ~ E E t o W  234 mp (( 5500); n.m.r. 
spectrum showed one singlet a t  7 8.70 and a multiplet a t  3.15- 
2.75 (area ratio 3 : l ) .  
2,4-Di-t-butylthiophene.-Using a 2: 1 molar excess of t- 

butyl chloride, 125 g. of thiophene was alkylated for 7 hr. a t  room 
temperature, using 530 g. of stannic chloride in 2500 ml. of carbon 
disulfide. Two distillations furnished 125 g. (43%) of a fraction, 
b.p. 220-221 ', consisting of a mixture of di-t-butylthiophenes, 
free of mono-t-butylthiophenes. V.P.C. analysis indicated an 
isomer ratio of 2,5-di-t-butylthiophene to  2,4-di-t-butylthiophene 
of 3 : l .  

The mixture was chloromercurated, using 230 g. of mercuric 
chloride and 310 g. of sodium acetate in 6.6 1. of water and 800 
ml. of 96% ethanol. The mixture was stirred vigorously for 
3 weeks, whereupon 41 g. of light brown powder was removed by 
filtration. The filtrate furnished 58 g. of 2,5-di-t-butylthiophene 
(purity 95%) upon ether extraction. Recrystallization of the 
brown solid from ethanol yielded 27 g. of pure 2,4-di-t-buty1-5- 
mercurichloro thiophene, m.p .117-118 ; n.m.r . spectrum showed 
three singlets a t  r 8.67, 8.58, and 2.96 (peak ratio 9:9: 1). 

Anal. Calcd. for C12H&lHgS (432.40): C, 33.41; H,  4.44; 
S, 7.43. Found: C,  33.18; H ,  4.52; S, 7.85. 

The mercurichloro compound (12 9.) was decomposed by steam 
distillation from 2 A: hydrochloric acid furnishing 5.0 g. (90%) of 
pure (v.P.c.) 2,4-di-t-butylthiophene, m.p. - lo,  b.p. 220.4' 
(752 mm.), n% 1.4916. The infrared spectrum differs from that 
of the 2,5-isomer and is in agreement with a less symmetrical 
structure; ultraviolet absorption, 234 mp (e 7800); n.m.r. 
spectrum showed singlets a t  r 8.75 and 8.65 and a quadruplet 
a t  3.42, 3.40, 3.35, 3.33 (peak ratio 9:9:2). 

Anal. Calcd. for CltHzoS (196.35): C, 73.40; H,  10.27; S, 
16.33. Found: C, 73.50; H,  10.30; S, 16.30. 

2,5-Di-t-butylthiophene .-2,2,7,7-Tetramethyloctane-3,6-di- 
one was prepared according to the method of Wahlberg.18 The 
ketone, b.p. 110-112° (11 mm.), showed twosharpsinglets in the 
n.m.r. spectrum at  7 8.84 and 7.34 (area ratio 9:2). Five grams 
of the ketone in 20 ml. of absolute ethanol was treated with 
hydrogen sulfide and dry hydrogen chloride at 0' as described 
by Campaigne.21 The mixture became opaque after 15 min. and 
an oil separated. V.P.C. analysis showed this oil to be a mixture 
of 2,5-di-t-butylfuran and 2,5-di-t-butylthiophene. By contin- 
uing the gas stream for 5 hr. adding 2 ml. of water during this 
period, all of the furan was converted to the thiophene. In 
this manner 3.9 g .  (78%) of V.P.C. pure 2,5-di-t-britylthiophene, 
b.p. 222' (751 mm.), m.p. 22-23', 12% 1.4930, was obtained; 
ultrsviolet absorption, Xi': '*OH 239 mp (e 9000); n.m.r. spectrum 
showed two singlets a t  7 8.67 and 3.55 (area ratio 9 :  1) .  

Anal. Calcd. for ClZHzoS (196.35): C, 73.40; H,  10.27; 
S, 16.33. Found: C, 73.55; H, 10.25; C, 16.29. 

2,5-Di-t-butylfuran could be converted to the corresponding 
thiophene in 60% yield using the method described above. 

2,5-Di-t-butylfuran.-When 3.0 g. of 2,2,7,7-tetramethyloc- 
tane-3,6-dione18 was stirred for 24 hr. with 4.0 g. of phosphorus 
pentoxide at  30', 2.1 g. (80%) of pure 2,5-di-t-butylf~ran,~~~~ 
b.p. 170-171' (772 mm.), n% 1.4372, was obtained without 
purification; ultraviolet absorption, 218 mp (e 10,500); 
n.m.r. spectrum showed singlets a t  T 8.75 and 4.33 (area ratio 
9 : l ) .  

Anal. Calcd. for C12H200 (180.28): C, 79.93; H, 11.18. 
Found: C, 80.13; H, 11.14. 

tdutylation of 2- and 3-t-Butylthiophene.-3-t-Butylthiophc ne 
(600 mg., 0.005 mole) and 1.0 g. of t-butyl chloride (0.012 mole) 
dissolved in 10 ml. of carbon disulfide was treated dropwise at  
room temperature with 3.0 g. of stannic chloride (0.008 mole) 
in 10 ml. of carbon disulfide. The progress of the reaction was 
followed by V.P.C. after hydrolysis of a'sample. The addition 
of 20 fil. of water catalyzed the reaction. After 9 days all of 
the 3-t-butylthiophene had been alkylated. V.P.C. showed that 
2,4-di-t-butylthiophene wm the only product. 

When 2-t-butylthiophene was allowed to react in a similar 
manner, the reaction was complete in 2 days. The products, 
2,5-di-t-butylthiophene and 2,4-di-t-butylthiophene, were present 
in a ratio of 9: 1. This ratio did not change upon stirring for a 
total of 9 days. 

Isomerization and Transalkylation. General.-All experi- 
ments were performed using 10% concentrations in carbon 
disulfide. The molar ratio of reactant to aluminum chloride 
was 1 : 1. Room temperature was used throughout unless indi- 
cated otherwise. A combination of V.P.C. and n.m.r. spectros- 
copy was used to analyze the reaction mixtures from a knowledge 
of the V.P.C. and n.m.r. characteristics of the pure components. 

2,4-Di-t-butylthiophene with Aluminum Chloride.-Only start- 
ing material was found to be present when 2,4-di-t-butylthiophene 
(1.0 9.) was treated with 0.6 g. of aluminum chloride in carbon 
disulfide for 3 days. 

2,5-Di-t-butylthiophene with Aluminum Chloride .-When this 
isomer was treated in a similar manner, 20% of 2,4-di-t-butyl- 
thiophene was formed after 6 hr. The reaction was complete in 
5 days when 95% of the material present was shown to be the 
2,4-isomer. 

2-t-Butylthiophene with Aluminum Chloride.-After 24 hr. of 
treatment as described above, 15% starting material, traces of 
both 2,4- and 2,5-isomer, and polymer were detected in the re- 
action mixture. 

3-t-Butylthiophene with Aluminum Chloride.-This isomer 
furnished a mixture consisting of starting material and 2,4-di-t- 
butylthiophene (exclusively) in a 2:3 ratio after 24 hr. 

p-Di-t-butylbenzene and 2,5-Dimethylthiophene with Alumi- 
num Chloride.-When an equimolar mixture of these two aro- 
matics was treated with aluminum chloride in carbon disulfide, 
a 20% conversion to 3-t-butyl-2,5-dimethylthiophene was ob- 
tained in 3.5 hr., together with the equivalent amount of t- . -  

butylbenzene. 
2,5-Di-t-butylthiophene and 2,5-Dimethylthiophene with Alu- 

minum Chloride,-A 30% conversion of 3-t-butyl-2,5-dimethyl- 
thiophene was obtained when the di-t-butyl- and dimethylthio- 
phene were allowed to react for 20 hr. A trace of 2-t-butylthio- 
phene was shown to be present. 

2,4-Di-t-butylthiophene and 2,5-Dimethylthiophene with Alu- 
minum Chloride.-After 20 hr. only starting materials could be 
detected in the reaction mixture. 


